Introduction
Acromegaly results from the hypersecretion of growth hormone (GH), usually by a pituitary tumor. 1 The average age at diagnosis is 40 years, with an equal number of men and women affected. The disease is uncommon, although the exact prevalence is unclear; a recent review noted estimates of between 40 and 130 cases per million adults. 2 By comparison, in 2011, diabetes was estimated to affect 8.3% of adults (ie, 83,000 cases/million) aged over 20 years worldwide. 3 A confirmed diagnosis of acromegaly commonly takes several years, 4 leading to potentially serious consequences for patients' health and well-being. These delays may be due partly to the fact that many of the clinical features of acromegaly are nonspecific and similar to those seen with other conditions more often seen in primary care, such as hypertension or diabetes. The delay may also be because of the insidious onset of differentiating symptoms, such as acral enlargement.
The purpose of this article is to raise awareness and increase understanding of acromegaly symptoms and treatment. As patients with acromegaly present with many different comorbidities (particularly cardiovascular disease, diabetes, hypertension, sleep apnea, and arthropathy), increased awareness is needed across a broad spectrum of health care specialties. It is hoped that familiarity with acromegaly signs and symptoms will facilitate early diagnosis and treatment, and potentially affect mortality and morbidity rates positively. It is also important that health care professionals understand the impact the disease and its treatment have on patients so that they may ensure quality of life (QoL) is addressed as part of the overall patient management plan. In this article, we describe the symptoms, causes, and treatment options according to the current medical guidelines for acromegaly, [5] [6] [7] then the factors affecting patients' QoL and acceptance of treatment.
Understanding acromegaly and its treatment Pathophysiology and clinical presentation
The pituitary gland, located just below the base of the brain (Figure 1) , is responsible for secreting many hormones, including GH, which is regulated via sophisticated feedback pathways. 1 Acromegaly is most often due to the presence of a (generally benign) tumor in the pituitary gland. 1 The tumor mass, depending on its size and location, may cause problems, such as vision loss due to compression of the optic chiasm. However, the tumor also secretes excess GH, resulting in increased secretion of insulin-like growth factor 1 (IGF-1). Excess GH and IGF-1 over a prolonged period are responsible for multiple significant comorbidities, including cardiovascular complications, cerebrovascular events, gonadal dysfunction, impaired glucose tolerance and diabetes, sleep apnea, impaired respiratory function, colonic neoplasms, and bone and joint diseases 5, 6, 8, 9 ( Figure 2 ). GH excess is also associated with an increased mortality rate, which is further elevated if comorbidities, particularly cardiovascular disease, are present. 10 Specifically, mortality rates in untreated acromegaly are two to three times higher than those for the general population. Thus, early diagnosis and biochemical normalization are crucial in minimizing the permanent and life-limiting effects of excess GH.
Diagnosing acromegaly
Patients with longstanding disease commonly present at advanced stages with striking physical characteristics (eg, enlarged hands, feet, lips and tongue; prominent supraorbital ridges; and lower jaw protrusion) ( Table 1) . 11 However, the onset of physical changes is insidious ( Figure 3 ) and patients are unlikely to present with complaints relating directly to these distinguishing signs of acromegaly; 5 rather, they are more likely to present with complaints typical of other conditions (eg, cardiovascular disease, diabetes, hypertension, and sleep apnea) more commonly seen in primary care. Once acromegaly is suspected, biochemical testing, in combination with clinical findings, is needed for a diagnosis. 5, 6 Although GH levels are elevated in acromegaly, GH release is pulsatile, diurnal, and stimulated by exercise, stress, and sleep, 6 such that a random GH level is of minimal diagnostic utility. Instead, acromegaly guidelines generally recommend an elevated IGF-1 level in combination with a failure to suppress GH levels to ,1 ng/mL in an oral glucose tolerance test as diagnostic criteria. 5, 6 Based on newer assays, a lower cutoff (0.4 ng/mL) on an oral glucose tolerance test would allow physicians to identify patients with mild GH hypersecretion. 12 Radiological tests, such as a pituitary magnetic resonance imaging scan, should be performed to identify the presence of a tumor and evaluate its characteristics. 5 
Treatment options
The interrelated aims of treatment for acromegaly are to: control/reduce tumor size, normalize GH and IGF-1 levels, and improve comorbidities. [5] [6] [7] These may all contribute to reductions in the mortality rate. Patients may receive as many as three different treatment modalities in an attempt to achieve these aims. Pituitary surgery is generally recommended as the primary treatment in patients with microadenomas (tumors , 1 cm) and also in patients with macroadenomas (tumors . 1 cm) that are associated with local mass effects or are enclosed and potentially curable surgically. 5, 7 Although transsphenoidal surgery, in which microsurgical instruments are passed through the nasal passage using either a microscope or an endoscope, is considered the safest route, there are nonetheless risks to be considered. These risks include, but are not limited to, bleeding, cerebrospinal fluid leaks, and pituitary gland damage with postoperative hormonal insufficiency. The severity submit your manuscript | www.dovepress.com
Dovepress

of these risks and the success of the operation are, however, highly dependent on the neurosurgeon's experience. Even with an experienced neurosurgeon, not all patients achieve a surgical cure. In a study documenting surgical outcomes from one center over a 19-year period, a cure (postoperative normalization of basal GH level, suppression of GH level to ,1 ng/mL during an oral glucose load, and normalization of IGF-1 level) was apparent in 57% of 506 patients undergoing primary transsphenoidal surgery. 13 Within this patient cohort, success rates were highest for those with microadenomas (75%) or intrasellar macroadenomas (ie, macroadenomas localized within the immediate bony space) (74%).
Medical therapy is appropriate for patients not achieving a surgical cure and for those for whom a surgical approach is not an option or who prefer medical therapy over surgery. 5, 7 Three classes of medical therapy are currently available: (1) somatostatin analogs, (2) GH-receptor antagonists, and (3) 14 Patients well controlled on 60 or 90 mg, however, may be considered for extended dosing with 120 mg every 6 to 8 weeks.
14 Octreotide LAR, 10, 20, or 30 mg, requires reconstitution prior to administration and is injected intramuscularly every 4 weeks. 15 Somatostatin analogs can provide effective biochemical control 16, 17 and may induce a reduction in tumor volume. 6 However, more than half of patients show either a partial or no biochemical response to somatostatin analogs, 18 thus GH-receptor antagonist or dopamine agonist therapy as adjunct or alternative treatments may be required. 5, 7 Treatment with somatostatin analogs is generally well tolerated, although adverse effects may include transient abdominal pain and/or diarrhea, injectionsite reactions, gallstones and/or cholecystitis. 14, 15, [17] [18] [19] The GH-receptor antagonist, pegvisomant (Somavert ® ; Pfizer Inc., New York, NY, USA), is supplied as a powder for reconstitution and is administered subcutaneously on a daily basis by patients/partners. 20 Pegvisomant is effective in normalizing IGF-1 levels, 5, 7 and is indicated for patients with an inadequate response to or tolerability problems with somatostatin analogs. Pegvisomant may also be useful for improving glucose homeostasis in patients with associated diabetes. 5, 7 While treatment is generally well tolerated, patients may rarely experience flu-like illness and allergic reactions. Close monitoring of liver function is also recommended because of the possibility of increased levels of liver enzymes.
Two dopamine agonists, cabergoline and bromocriptine, are widely available, with the former considered more effective for acromegaly 5, 7 and better tolerated than the latter. 5 Guidelines suggest dopamine agonists may be considered particularly in patients with mild biochemical 5, 7 and that they may also be considered as first-line medical therapies because they are orally administered and less expensive than other medical therapies. 5 Potential side effects with these agonists include gastrointestinal disturbance, orthostatic hypotension, headache, and nasal congestion. 5, 21, 22 Radiation therapy may also be used, although it is generally reserved for patients in whom both surgical and medical interventions have not provided biochemical control. 5, 7 Stereotactic radiosurgery techniques have advantages over conventional fractionated radiotherapy, offering better targeting and reduced radiation exposure to surrounding tissue and shorter time to achieve control of IGF-1 and GH levels. [23] [24] [25] [26] Extremely large tumor volumes or tumors near the chiasm are not amenable to radiosurgery and such cases require fractionated radiotherapy. 25 With either fractionated radiotherapy or radiosurgery, it may take many years to achieve the full therapeutic effect 23 and continued medical treatment will usually be needed. Patients will also require serial pituitary function tests to assess for hypopituitarism resulting from radiation treatment. 23 
Managing comorbidities
A comprehensive review of studies conducted in patients with acromegaly indicates that biochemical control may alleviate but not necessarily reverse various key comorbidities of acromegaly. 27 Of note are improvements in ventricular hypertrophy, hypertension, and hyperlipidemia; abnormalities of glucose metabolism; sleep apnea; and some skeletal system complications (carpal tunnel syndrome, joint space thickness, vertebral-fracture rate). These improvements notwithstanding, patients still require close monitoring throughout their lives. Aggressive management of hypertension and hyperlipidemia is of particular importance, with treatment goals aligned with those of high-risk cardiac patients. 5 In addition, all patients should be tested for glucose intolerance or overt type 2 diabetes, and treated accordingly. 5, 7 The metabolic response to somatostatin analogs is variable and analog use may not be appropriate if glycemic control is adversely affected. 28 Patients are also prone to respiratory complications and evaluations for sleep apnea in particular should be considered. 8 Health screening for cancer should be performed, especially for colorectal cancer (due to a possible increase in premalignant colonic polyps). 9 Patients often have skeletal and dental abnormalities that remain even if biochemical control is re-established, necessitating interventions by rheumatologists and maxillofacial surgeons. 
Understanding the patient's perspective A severely impaired QoL
Acromegaly is associated with reduced QoL, 29, 30 particularly in older patients. 31 Impairments in QoL are probably not surprising given the impact on many areas of patients' lives of increased anxiety levels, 32 the chronic nature of the disease, the burden of comorbidities, and, potentially, the burden of therapy. QoL in acromegaly is similar to that associated with osteoarthritis. 29 Aspects that are particularly and severely affected are vitality and general health, 29 as well as appearance, for which QoL scores are worse than for obese patients. 30 Thus, it is not surprising that attention to QoL issues is advocated for patients with acromegaly. 5 Improving patient QoL can be difficult. In part, this may be because achieving good biochemical control is not necessarily associated with a recovery in QoL. 27, 29, 30 Clinical data suggest that the best QoL is associated with normalized IGF-1 levels and nadir GH levels during oral glucose tolerance tests of 0.3-1.0 µg/L. 31 Nonetheless, the continued impairments in QoL despite good biochemical control are probably due to the persistence of comorbidities, 27, 33 particularly arthropathy. 34 Overall, as the effects of disease control and comorbidities on QoL are unclear, 27 further investigation is warranted. The effects of treatment on QoL can be complex. 31, [35] [36] [37] Radiotherapy, in particular, has been associated with a negative effect on QoL. 31 The negative effect may be a direct result of the radiation treatment itself or due to the decreased secretion of pituitary hormones following radiation treatment. 31 GH deficiency has certainly been linked with clinically relevant QoL impairments in patients in biochemical remission 38 and there is some evidence that GH replacement therapy may help reverse this effect. 39 A clinical study in patients with normalized IGF-1 concentrations during somatostatin analog treatment showed a significant QoL improvement (without a significant decrease in IGF-1 levels) after the addition of pegvisomant, 40 mg/week. 37 Treatment with a somatostatin analog alone may also have positive effects on QoL, but this has not been apparent in all studies 35, 40 and the findings are generally difficult to interpret.
Ameliorating the treatment burden
Careful consideration of how to minimize the impact of treatment on patients' daily lives is important, particularly for chronic therapies. For the majority of patients with acromegaly, long-term medical therapy is likely to be with a somatostatin analog. The first improvement in the convenience of these analogs was the appearance of longer-acting submit your manuscript | www.dovepress.com
Dovepress
formulations that facilitated a reduction from many to just one injection per month. (As discussed earlier, this dosing interval may be further extended to every 6-8 weeks for patients who have achieved good biochemical control with lanreotide depot.
14 ) For octreotide LAR, patient convenience may be improved in cases where nurses can make home visits to administer injections. 41 The possibility of self-/partner administration with lanreotide depot may also help to minimize the treatment burden for some patients. In a US single-arm open-label study, out of the 33 patients previously using octreotide LAR who switched to self-/partner administration with lanreotide depot, 38% reported that octreotide LAR had been "somewhat"/"very convenient" to use, compared with 91% reporting the same for lanreotide depot. 42 Most (81%) of these 33 patients preferred lanreotide depot over octreotide LAR. 42 Data for this group indicated that, to receive each octreotide LAR injection, 80% of patients had spent at least 1 hour traveling to and from and/or waiting at the clinic; for 17% of patients, the distance traveled exceeded 100 miles ( Figure 4) (Ipsen, unpublished data, 2009) . In contrast, self-/partner administration of the lanreotide depot injection took less than 5 minutes for 88% of patients (Figure 4 ) (Ipsen, unpublished data, 2009) .
Some patients will receive a dopamine agonist or GHreceptor antagonist rather than somatostatin analogs on a long-term basis. In terms of convenience, a dopamine agonist is likely to be well accepted by patients because it is an oral medication. In contrast, the GH-receptor antagonist is an injectable therapy recommended for daily use. However, it can be injected by patients/caregivers and some research suggests that patients on stable daily doses could be switched to once-or twice-weekly doses (so that the seven injections are administered together on 1 day in the week, or spread over 2 days in the week); this appears to have been well received by patients. 
Conclusion
Acromegaly is a serious condition, associated with multiple comorbidities and increased mortality. The delay to diagnosis is often long. This is probably due to low disease awareness among health care professionals, the insidious onset of differentiating features, and because patients are likely to present with complaints typical of other conditions more frequently seen in primary care. Early identification of the signs and symptoms of the disease by health care professionals knowledgeable about acromegaly may help to mitigate this delay. Treatment can then be initiated promptly, with the potential to reduce mortality. For the patient, both the disease and the treatment burden are immense. More than one treatment modality is often necessary and medical therapy is commonly needed on a long-term basis. Comorbidities, particularly those of a cardiovascular nature, may also require immediate attention. Even with successful control of the underlying hormonal abnormalities, various comorbidities will persist, necessitating additional long-term monitoring and treatment. It is clear that the care of these patients requires a highly coordinated multidisciplinary approach. It is also clear that any disease management strategy must put patients' needs at its core, with every effort made to improve the health care experiences of patients and minimize their treatment burden.
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